Summary. Total Evans & Setchell, 1979). It has been suggested that cholesterol modifies the lipid bilayer of the sperm plasma membrane and prevents its fusion with the outer acrosomal membrane (Davis, 1978) . Phospholipids form an integral part of the sperm membrane and may be involved in membrane transport and enzyme activities . Phospholipids also have an important role in meeting the energy requirements during cell proliferation and maturation of spermatozoa (see Mann, 1964) . Davis & Byrne (1980a) suggest that the cholesterol:phospholipid ratio plays an important role in the fertilizing ability of spermatozoa. It may therefore be expected that infertility might be associated with altered lipid metabolism in the semen. However, little work is available on the pattern of different classes of lipids and their fractions in the seminal plasma and spermatozoa of infertile men. We have therefore studied these patterns in the semen of normospermic, oligospermic and azoospermic men.
Indroduction
Lipids play an important role in the spermatozoa and thus on male fertility. Neutral lipids, particularly triacylglycerols and diacylglycerols, serve predominantly as the source of oxidizable energy Evans & Setchell, 1979) . It has been suggested that cholesterol modifies the lipid bilayer of the sperm plasma membrane and prevents its fusion with the outer acrosomal membrane (Davis, 1978) . Phospholipids form an integral part of the sperm membrane and may be involved in membrane transport and enzyme activities . Phospholipids also have an important role in meeting the energy requirements during cell proliferation and maturation of spermatozoa (see Mann, 1964) . Davis & Byrne (1980a) suggest that the cholesterol:phospholipid ratio plays an important role in the fertilizing ability of spermatozoa. It may therefore be expected that infertility might be associated with altered lipid metabolism in the semen. However, little work is available on the pattern of different classes of lipids and their fractions in the seminal plasma and spermatozoa of infertile men. We have therefore studied these patterns in the semen of normospermic, oligospermic and azoospermic men.
Materials and Methods
Semen samples were collected from normal, healthy human subjects with proven fertility as well as from men proven to be oligospermic and azoospermic. The men were 25\p=n-\35years of age and there were 10 men in each group. Spermatozoa were counted as directed in the WHO protocol (Belsey et al., 1980) . Men with a count of 40 \m=x\106 spermatozoa/ml and 60\p=n-\70%motility were considered as normal. Men with sperm count of <20 \m=x\106/ml and 30\p=n-\40%motility were considered as oligospermic. Men with no spermatozoa in their semen were classified as azoospermic.
Spermatozoa and seminal plasma were separated by centrifuging the semen at 20 000 g at 4\s=deg\Cfor 30 min. The supernatant was considered as seminal plasma and the sediment as spermatozoa. Lipids from both fractions were extracted in chloroform:methanol (2:1, v/v) by the method of Folch et al. (1957) : 001% butylated hydroxytoluene (BHT) was added to the extraction mixture as an antioxidant.
The lipid extract was concentrated in vacuo at 40\ p=n-\ 45\ s=deg\ C, resuspended in chloroform:methanol (2:1, v/v) containing 4% water and evaporated at 40\p=n-\45\s=deg\Cin vacuo. This process was repeated 3 times and residues were suspended in 100 ml chloroform:methanol (2:1, v/v) containing 0\m=.\01%BHT. This lipid extract was used for the analysis of total lipids, neutral lipids and phospholipids.
Total lipid was quantified by the gravimetric method. Cholesterol was estimated by the method of Hanel & Dam (1955) . Total glyceride glycerol was determined by the procedure described by Van Handel & Zilversmit (1957) . Total phospholipid phosphorus was estimated by the method of Fiske & Subbarow (1925) as described by Marinetti (1962) and the values so obtained were multiplied by 25 to obtain phospholipid values (Bieri & Privai, 1965 As shown in Table 3 , in normal men, sphingomyelin was the major phospholipid fraction in the seminal plasma, followed by phosphatidylserine and phosphatidylethanolamine. Phosphatidylcholine was predominant in the spermatozoa followed by phosphatidylethanolamine and sphingomyelin. There was no change in this pattern in the infertile men, but sphingomyelin was markedly decreased in the seminal plasma of oligo-and azoospermic men and in the spermatozoa of oligospermic men. Similarly, ethanolamine plasmalogen, phosphatidylinositol and phosphati¬ dylserine were decreased in the seminal plasma of oligo-and azoospermic subjects. In oligospermic subjects the spermatozoa showed decreased concentrations of phosphatidyl-choline and -ethanolamine and sphingomyelin.
Discussion
The results obtained in the present study suggest accumulation of lipids in the semen of oligo-and azoospermic men. The increased concentration of lipids in the semen of infertile men is mainly due to the accumulation of neutral lipids as phospholipids were decreased. This may be due to poor or non-utilization of glyceride glycerols by the spermatozoa of such men. Turner & Johnson (1971) reported that lipids accumulate when the spermatozoa fail to utilize glyceride glycerols. Havel (1972) also reported that complete absence of spermatozoa (azoospermia) results in non-utilization of glyceride glycerols and their accumulation in the seminal plasma. Minassian & Terner (1966) reported a high turnover of diacyl-and triacylglycerols in human spermatozoa, and these lipids serve as a source of endogenous energy for the spermatozoa (White et ai, 1976) . In the present study, these fractions were high in the spermatozoa of normal men, and the concentration of glyceride glycerols is inversely proportional to the sperm count. On the other hand the phos¬ pholipid concentration showed a direct correlation with sperm number. Havel (1970) also reported this type of relation between sperm concentration and phospholipids.
The concentration of diacylglycerol was very high in the spermatozoa and seminal plasma of oligospermic subjects in the present study. The seminal plasma of azoospermic subjects also exhibited high concentration of diacylglycerols but the monoacylglycerol in these subjects was 100% more than that of diacylglycerols. Diacylglycerol is utilized for the synthesis of phos¬ pholipids and triacylglycerols (Sun & Horrocks, 1971; White et ai, 1973 The amounts of phospholipids reported in the present study on seminal plasma and spermatozoa of normal subjects are equivalent to those of earlier reports Jones et ai, 1979; Umapathy et ai, 1980) . While sphingomyelin is the predominant phospholipid in the seminal plasma, phosphatidylcholine is the major fraction in the spermatozoa; this trend was also present in oligo-and azoospermic men. The decrease in phospholipids in the seminal plasma of oligo-and azoospermic subjects was mainly due to the reduction in sphingomyelin, ethanolamine plasmalogen, phosphatidylserine and phosphatidylinositol. Similarly, the reduction of total phospholipids in the spermatozoa of oligospermic subjects was mainly due to the decrease in phosphatidylcholine, phosphatidylethanolamine and sphingomyelin.
Since the phospholipids are integral membrane components, they may be involved in mem¬ brane permeability and enzyme reactions (White et ai, 1976) . Vanitha Kumari & Govindarajulu (1981) reported decreased activities of transaminases and phosphomonoesterases in the seminal plasma of oligo-and azoospermic men. A decrease in phospholipid concentration in the sperm¬ atozoa of oligospermic men will result in an altered ratio of cholesterokphospholipids, despite an unaltered cholesterol level. This will result in altered membrane cohesiveness and thus a decreased fertilizing capacity (Davis & Byrne, 1980a) . The accumulation of cholesterol in the seminal plasma of azoospermics may be due to non-utilization of available cholesterol to integrate with the sperm membrane (Oldfield & Chapman, 1972; Phillips & Finer, 1974; .
Normal concentrations of phosphatidyl-serine and -choline in the spermatozoa play a vital role in the fertilizing ability of the spermatozoa (Papahadjopoulos et ai, 1973 (Papahadjopoulos et ai, , 1974 Davis & Byrne, 1980b) . Hence, the decrease in the concentrations of phosphatidylcholine in the spermatozoa of the oligospermic men in the present study would be expected to have a definite impact on the fertilizing ability of these spermatozoa.
